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$VVHPEO\ OLQH GHVLJQ PHWKRGRORJLHV KDYH EHHQ H[WHQVLYHO\ UHVHDUFKHG GXULQJ WKH SDVW GHFDGHV 9DULRXV GHILQLWLRQV RI SUREOHPV KDYH EHHQ
HVWDEOLVKHG WRJHWKHU ZLWK GLIIHUHQW DSSURDFKHV DV WR WKH ZD\ WKH\ DUH VROYHG +RZHYHU LQ WKH DXWRPRWLYH LQGXVWU\ PRVW FRPSDQLHV VWLOO XVH
VLPSOH WRROV DQGPHWKRGV IRU WKH VROXWLRQ RI WKHVH SUREOHPV 7KHUH FDQ EH VSUHDGVKHHW DSSOLFDWLRQV DQG VLPXODWLRQ WRROV WKDW GRQRW SURYLGH
DFWXDO GHFLVLRQ VXSSRUW DQG DUH OLPLWHG WR DVVLVWLQJ HQJLQHHUV LQ GLVWULEXWLQJ WKH SURFHVVHV WR GLIIHUHQW ZRUN FHQWUHV )XUWKHUPRUH PRVW
DSSURDFKHVWDNH LQWRDFFRXQW RQO\D IHZJRDOVDQGFRQVWUDLQWV E\SURYLGLQJHLWKHUQRQUHDOLVWLF VROXWLRQVRU QRGHFLVLRQVXSSRUW WRSURGXFWLRQ
HQJLQHHUVEH\RQGWKHGLVWULEXWLRQRISURFHVVHV7KLVSDSHUSURSRVHVDQDVVHPEO\GHVLJQDOJRULWKPWKDWFRQVLGHUVERWKWLPHDQGFRVWSDUDPHWHUV
IRU WKH JHQHUDWLRQ RI GLIIHUHQW OLQH DOWHUQDWLYHV WKH DOJRULWKP WDNLQJ LQWR DFFRXQW LQGXVWULDO UHTXLUHPHQWV FRQVLGHUV PXOWLSOH SURGXFWV RI
VHYHUDO GHPDQG SURILOHV LQ WKH VDPH OLQH LQ RUGHU WRSURYLGH VXSSRUW IRU PXOWLYDULDQW RU PXOWLSURGXFW V\VWHPV )LQDOO\ D VHULHV RI SRVVLEOH












7KH PDQXIDFWXULQJ V\VWHPV LQFOXGH SURGXFWLRQ
HQYLURQPHQWV ZKHUH PDWHULDOV DUH SURFHVVHG DQG LQGLYLGXDO
SDUWVRU FRPSRQHQWVDUHPDGHDORQJZLWK WKHIDFLOLWLHVZKHUH
WKH\ DUH MRLQHG WRJHWKHU LQ D VXEDVVHPEO\ RU ILQDO SURGXFW
7KH ODWWHU LQFOXGHV DOO W\SHV RI DVVHPEO\V\VWHPV >@2QHRI
WKHPDLQREMHFWLYHV LQWKHSURFHVVRIGHVLJQLQJDVVHPEO\OLQHV
LV WKHPD[LPL]DWLRQ RI WKH UDWLR EHWZHHQ WKURXJKSXW DQG WKH
UHTXLUHG FRVWV 7KLV LV RIWHQ GHHPHG DV D SUREOHP RI
FRQVLGHUDEOH LQGXVWULDO LPSRUWDQFH >@ 2QH RI WKH PRVW
UHOHYDQW SUREOHPV WKDW KDV EHHQ ZLGHO\ UHVHDUFKHG LV WKH
$VVHPEO\/LQH%DODQFLQJ3UREOHP $/%3 ,Q WKH$/%3 DQ
DVVHPEO\ OLQH FRQVLVWV RI VWDWLRQV DUUDQJHG DORQJ D FRQYH\RU
RU WUDQVSRUWDWLRQ V\VWHP ZKHUH WKH MREV DUH FRQVHFXWLYHO\
ODXQFKHGGRZQ WKHOLQHDQGDUHWUDQVIHUUHGIURPRQHVWDWLRQWR
WKH QH[W ,Q WRGD\¶V KLJKO\ FRPSHWLWLYH PDUNHW LW LV RIWHQ
QHFHVVDU\WKDWHQJLQHHUVGHVLJQDQGGHSOR\IOH[LEOHXVHU
IULHQGO\GHFLVLRQ VXSSRUW V\VWHPV WKDWPD\EHDSSOLHGWRUHDO
ZRUOG DVVHPEO\ OLQH GHVLJQ SUREOHPV >@ $W WKH VDPH WLPH
WKH SURGXFWLRQ SODQQLQJ RIPDQXIDFWXULQJ V\VWHPV LQFOXGLQJ
DVVHPEO\ OLQHV KDV EHFRPH RQH RI WKH NH\ DUHDV RI WKH
SURGXFWLRQ V\VWHPV¶ UHVHDUFK 7KH SURGXFWLRQ SODQV KDYH WR
FRSH ZLWK PDUNHW SURGXFWLRQ DQG ORJLVWLFV XQFHUWDLQW\ 7KH




2. Assembly line design
7RGD\¶V PDQXIDFWXULQJ RUJDQL]DWLRQV XVXDOO\ RIIHU GLYHUVH
SURGXFW SHUVRQDOL]DWLRQ DQG FXVWRPL]DWLRQ RSWLRQV LQ RUGHU
IRUWKHFXVWRPHUV¶QHHGVWREHEHWWHU IXOILOOHG7KLVRIIHULQJRI
FXVWRPL]DWLRQ RSWLRQV PD\ RIWHQ OHDG WR VLJQLILFDQW
FRPSHWLWLYH DGYDQWDJHV >@ +RZHYHU EURDG SURGXFW
FXVWRPL]DWLRQ PDNHV WKH SURGXFWLRQ SODQQLQJ SURFHVV
LQFUHDVLQJO\FRPSOH[ VLQFHDQ\FKDQJHV WDNLQJ SODFH LQ WKH
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GHPDQG SURILOH PD\ FRQVLGHUDEO\ DIIHFWWKH SURGXFWLRQ
VHWWLQJVDQGFRQILJXUDWLRQV
7KLV LV RQH RI WKH PDLQ UHDVRQV ZK\ WKH GHVLJQ RI DQ
DVVHPEO\ OLQH LV XVXDOO\ FDUULHG RXW LQ D VHULHV RI GLVFUHWH
FRQVHFXWLYH SKDVHV 7KH GHPDQG SURILOH LV RIWHQ FRQVLGHUHG
IL[HG IRU WKH VXEVHTXHQW OLQH GHVLJQ SKDVHV VXFK DV WKH RQH
UHODWHGWRWKH$/%37KH$/%3 LQSDUWLFXODUDGGUHVVHVRQO\
D VXEVHW RI WKH HQWLUH OLQHGHVLJQ SUREOHP DQGGHDOVZLWK WKH
ZD\ WKDW WKH UHTXLUHG SURFHVVHV IRU WKH DVVHPEO\ RI D
SURGXFWLRQ LWHP FDQEH HIILFLHQWO\ DVVLJQHG WR WKH YDULRXV
UHVRXUFHV ZRUN FHQWUHV 7KURXJKRXW WKH \HDUV QXPHURXV
PHWKRGV KDYH EHHQ GHYHORSHG DQG SURSRVHG LQ RUGHU WR
SURYLGH VROXWLRQV WR WKH GLIIHUHQW IRUPV RI $/%3V 7KH
DVVHPEO\ OLQHV FDQEH FODVVLILHG LQWR WKUHH PDLQ FDWHJRULHV
ZLWK UHVSHFW WR WKH QXPEHU RI SURGXFW PRGHOV WKH\ SURGXFH
VLPSOH 6$/%3 PL[HGPRGHO 00$/%3 ZKHUH YDULRXV
PRGHOV RI D JHQHULF SURGXFW DUH SURGXFHG RQ WKH OLQH LQ DQ
LQWHUPL[HG VLWXDWLRQ DQG PXOWL 0X0$/%3 ZKHUH  PRUH
WKDQRQHSURGXFWLVSURGXFHGRQWKHOLQHLQEDWFKHV>@









$/%3 6$/%3 LV SUHVHQWHG LQ WKH IRUP RI D SUHFHGHQFH
JUDSK 7KH QXPEHUV LQVLGH WKH QRGHV UHSUHVHQW WKH WDVN
LGHQWLILFDWLRQZKLOH WKHRQHV RXWVLGH WKHQRGHV FRUUHVSRQGWR
WKH SURFHVVLQJ WLPHV 7KH IRXUWK SURFHVVLQJ WDVN LV IRU




OLQH LQ  ZRUG FHQWUHV GHSLFWHG ZLWKGDVKHG ER[HV LV E\
JURXSLQJWKHWDVNVDVVKRZQ LQ)LJLQZRUNFHQWUHV,Q WKLV
H[DPSOHWKHF\FOHWLPHRI:&:&DQG:&DUHDQG






7KH FRQVLGHUDWLRQ RI XQFHUWDLQ GHPDQG LQ WKH SURFHVV RI
GHVLJQLQJDVVHPEO\OLQHVKDVEHHQDQLPSRUWDQWLVVXHRIPDQ\
PDQXIDFWXULQJ ILUPV +RZHYHU WKHUH LV QR VLPSOH ZD\ RI
DGGUHVVLQJ WKLV FKDOOHQJH ,Q UHDOLW\ GHPDQG XQFHUWDLQW\ LV
TXLWH RIWHQ D IDFW WKDW QHHGV WR EH DGGUHVVHG ZLWKLQ WKH
ERXQGDULHV RI IOH[LEOH DVVHPEO\ OLQHV ZKLFK VKRXOG LQ WXUQ
EH FDSDEOH RI GHOLYHULQJ WKH UHTXHVWHGTXDQWLWLHV LQD FRVW
HIILFLHQW DQGWLPHO\PDQQHU ,QHVVHQFH WKLVSUREOHP LVEHLQJ
LQWHUSUHWHGDV WKHPRGHOOLQJDQG RSWLPL]DWLRQ RI DQ DVVHPEO\
OLQH¶V FRQILJXUDWLRQ E\ DGGUHVVLQJ DW WKH VDPH WLPH WKH
SUREOHPRIVFKHGXOLQJWKHOLQH

3. Assembly line balancing under demand uncertainty
7KHPRVWVWXGLHGLQVWDQFHRIWKH$/%3IDPLO\RISUREOHPV
LV WKH 6LPSOH $VVHPEO\ /LQH %DODQFLQJ 6$/%3  DV
GHVFULEHG LQ >@ 7KH 6LPSOH $VVHPEO\ /LQH %DODQFLQJ LV D
ODEHO RQ WKH ILHOG RI UHVHDUFK ZLWK QXPHURXV VLPSOLI\LQJ
DVVXPSWLRQVWKDWXQGHUOLHWKHGHILQLWLRQRIDQ$/%3$UHFHQW
VWXG\ UHODWHG WR GHPDQG XQFHUWDLQW\RQ 6$/%3 LV WKH UREXVW
RSWLPL]DWLRQ DSSURDFK SURSRVHG LQ >@ ,Q WKLV GHILQLWLRQ RI
6$/%3 WKHH[DFWTXDQWLW\RISURGXFWV WREHPDQXIDFWXUHGLV
XQNQRZQ7KHREMHFWLYHLVWKDWWKHZRUNORDGYDULDQFHRYHU DOO
WKH VWDWLRQVLQ WKHOLQHEHPLQLPL]HG7R WKLVHIIHFW WKHUHDUH
WZR ZD\V RI VROYLQJ WKH SUREOHP E\ XVLQJ D PLQ±PD[
LQGLFDWRU ZKLFK PLQLPL]HV WKH PD[LPXP ZRUNORDG YDULDQFH
GLVWULEXWLQJ WKH ZRUNORDG DV HYHQO\ DV SRVVLEOH DQG E\
FRQVLGHULQJ WKH VR FDOOHG ĮZRUVW DSSURDFK $QRWKHU ZD\ RI
FRQVLGHULQJ XQFHUWDLQW\ LQ $/%3 LV E\ DVVXPLQJ WKDW WKH
SURFHVVLQJWLPHVDUHXQFHUWDLQDQGQRWGHWHUPLQLVWLF$UHODWHG
VWDELOLW\VWXG\KDVEHHQSHUIRUPHGIRU WKHFDVHRIWKH*HQHUDO
$VVHPEO\ /LQH %DODQFLQJ 3UREOHP *$/%3 >@ WKH
*$/%3 FRYHUV D VHULHV RI H[WHQVLRQV RI WKH 6$/%3 E\
LQWHJUDWLQJ HOHPHQWV PHW LQ LQGXVWULDO SUDFWLFH VXFK DV 8
VKDSHG OLQHV SDUDOOHO VWDWLRQV RU SURFHVVLQJ DOWHUQDWLYHV 7KH
OHYHO RI GHPDQG XQFHUWDLQW\ ZDV H[SUHVVHG LQ >@ YLD LWV
0HDQ $EVROXWH 3HUFHQWDJH 'HYLDWLRQ 0$3' DQG WKH
SHUIRUPDQFH RI WKH DVVHPEO\ V\VWHP ZDV PHDVXUHG E\ D ILOO
UDWH7KLVDUUDQJHPHQWZDVSURSRVHGRQWKHEDVLVRIWKHGLUHFW
LQIOXHQFH RI GHPDQG XQFHUWDLQW\RQ WKH VRFDOOHG ILOO UDWH IRU
FXVWRPHU GHPDQG7KH ODUJHU WKHGHPDQGYDULDELOLW\ZDV WKH
PRUHVHQVLWLYHWKHILOOUDWHZDV
7KH DVVHPEO\ OLQHV DUH FRPPRQO\ EDODQFHG IRU WKH
SURGXFWLRQ RI PL[HG SURGXFWV HYHQ VOLJKWO\ GLIIHUHQW ZKLOVW
WKH GHPDQG LV XVXDOO\ QRW IL[HG DQG IXUWKHUPRUH HDFK
LQGLYLGXDO FXVWRPHU JHQHUDOO\ GHVLUHV QRW RQO\ D VSHFLILF
TXDQWLW\DWDFHUWDLQ WLPHEXWDOVRZLWKVSHFLILFFKDUDFWHULVWLFV
GHSHQGLQJ RQ KLV  KHU QHHGV $ FKDQJH LQ GHPDQG LQ WKH
DVVHPEO\ OLQHV WKDW DUH VHW WR SURGXFHPL[HG RUPXOWLYDULDQW
SURGXFWV LQ D JLYHQ VHTXHQFH ZRXOG FDXVH D FKDQJH LQ WKH
DFWXDO RSHUDWLRQ WLPHV RI WKH UHTXLUHG SURFHVVHV >@ 7KLV
ZRXOG OHDG WR D UHEDODQFLQJ RI WKH OLQH ZKLFK ZRXOG PHDQ
SURGXFWLRQ ORVVHV IRU WKH HQWHUSULVH DV DOO UHVRXUFHV ZRXOG
KDYHWRFRPSO\ZLWKQHZSURFHVVHVZLWKLQWKHVWDWLRQ
$ 0L[HG0RGHO $VVHPEO\ /LQH 3UREOHP 00$/%3 LV
UHJDUGHG DVEHLQJPXFK FORVHU WR WKHLQGXVWULDO DVVHPEO\OLQH
GHVLJQ SUREOHPV DQG PD\ FRQVLGHU D VHULHV RI XQFHUWDLQ
IDFWRUVZLWKJUHDWHUDFFXUDF\DVGHVFULEHGLQ>@00$/%3






















,Q LQGXVWULDO SUDFWLFH WKHDVVHPEO\OLQHEDODQFLQJSKDVH LV
RIWHQ FDUULHG RXW ZLWK WKH FRQVLGHUDWLRQ RI VWDWLF GHPDQG
SURILOHV ZLWK ORZ RU QR XQFHUWDLQW\ 7KHPDLQ FKDOOHQJH WKLV
SDSHU DGGUHVVHV LV WR WDNH XQFHUWDLQ GHPDQG  LQWR
FRQVLGHUDWLRQ GXULQJ WKH SKDVH RI WKH DVVHPEO\ OLQH GHVLJQ
DQG QRW ODWHU RQ ZKHQ WKH RSHUDWLRQ RI WKH DVVHPEO\ OLQH
EHJLQV ,Q RWKHUZRUGV WKH DVVHPEO\ OLQH ZLOO KDYH WR EH
IOH[LEOH HQRXJK GXULQJ RSHUDWLRQ VR WKDW LW FDQ FRSH ZLWK
GHPDQG XQFHUWDLQW\ DQG IOXFWXDWLRQV ,Q WKH DVVHPEO\ OLQH
GHVLJQSKDVH LW LVLPSRUWDQW WRFRQVLGHU WKHSRVVLEOHSURGXFWV









VLQJOH FDUPRGHO LQ WKH86$EHWZHHQ WKHPRQWKVRI -DQXDU\
DQG0D\ LW FDQ EHREVHUYHG WKDW WKHGHPDQGSURILOHRI
WKH PDLQ YDULDQW LV TXLWH GLIIHUHQW ZKHQ FRPSDUHG ZLWK WKH
UHVW0RUHRYHU RQHRI WKH YDULDQWVKDV EHHQ LQWURGXFHG VLQFH
)HEUXDU\
,Q WKLV SDSHU ZH SURSRVH WKH XVDJH RI D SDUWLFOH VZDUP
RSWLPL]DWLRQ DOJRULWKP 362 IRU WKH JHQHUDWLRQ RI VROXWLRQV
ZKLFK DUH WKHQ HYDOXDWHG WKURXJK WKH DSSOLFDWLRQ RI GLIIHUHQW
GHPDQGSURILOHV7KHFRUHSDUWVRI WKHDSSURDFK RI>@ZHUH
PRGLILHG DQG IXUWKHU H[WHQGHG IRU WDNLQJ LQWR DFFRXQW PRUH
DVVHPEO\OLQHSDUDPHWHUVDQGFRQVWUDLQWV DVZHOODVXQFHUWDLQ
GHPDQG SURILOHV DQGPXOWLSOH RIWHQ FRQIOLFWLQJ FULWHULD VXFK
DV&\FOH7LPHDQG&RVW,QSULQFLSOHWKHPDLQDGYDQWDJHRID
362DOJRULWKPLVWKDWLWFDQEHXVHGZLWKVOLJKWYDULDWLRQVIRU
D ZLGH UDQJH RI DSSOLFDWLRQV RU V\VWHPV IRU RQH SUREOHP
GHILQLWLRQ 0RUHRYHU WKHUH DUH RQO\ D IHZ SDUDPHWHUV WR EH
DGMXVWHG $V SURYHQ WKURXJK D VHULHV RI H[SHULPHQWV LW FDQ
OHDG WR JRRG VROXWLRQV QRW QHFHVVDULO\ WKH RSWLPXP RQHV LQ
UHDVRQDEOH FRPSXWDWLRQDO WLPH $W WKH VDPH  WLPH  WKH
SURSRVHG 362 FRXOG DOVR EH SDUW RI D K\EULG DOJRULWKPZLWK
PRUHRSWLPL]DWLRQPHWKRGVZKLFK FRXOG EHPRUH HIILFLHQW LQ
FDVHVZKHUH DVVHPEO\ OLQHV FDQ EH KHDYLO\PRGLILHG >@
7KHRXWOLQHRIWKHSURSRVHGDOJRULWKPLVGHSLFWHG LQ)LJ ,W
FDQ EH IXUWKHU FRPSOHPHQWHG ZLWK VXSSO\ PDLQWHQDQFH DQG
DGMXVWPHQW DFWLRQV DQGPD\ DOVR EH LQWHJUDWHG ZLWK YDULRXV
PRQLWRULQJ V\VWHPV DQG NQRZOHGJH EDVHV 7KH DOJRULWKP LV
GHVLJQHG LQ DZD\WKDW LW FDQ EH H[HFXWHGQXPHURXV WLPHV LQ







7KHXVHU FDQ DGMXVW WKHSDUDPHWHUVDQG FDQ DOVRFRQILJXUH
WKHGHPDQGSURILOHVSHU SURGXFW  YDULDQW ,Q WKLV IDVKLRQ WKH
PDUNHWLQJ DQG VDOHV GHSDUWPHQW PD\ EH LQYROYHG LQ WKH
SURFHVV RI WKH DVVHPEO\ OLQH GHVLJQ )RU LQVWDQFH ZKDWLI




7KH SURSRVHG DOJRULWKP LV LPSOHPHQWHG DV D VWDQGDORQH
VRIWZDUHPRGXOHZKLFKPD\EHLQWHJUDWHGZLWKRWKHUH[WHUQDO
V\VWHPV 7KH LQSXW GDWD KDYH EHHQ IRUPDOL]HG DV D VWDQGDUG
³$/%´ ILOH WKH VWUXFWXUH RIZKLFK KDV DOUHDG\EHHQ GHILQHG
LQOLWHUDWXUH>@7KLVVRIWZDUHPRGXOHUHDGVDQGDQDO\VHVWKH
LQSXW GDWD DQG WKHQ JHQHUDWHV D QXPEHU RI DOWHUQDWLYH
DVVHPEO\ OLQH FRQILJXUDWLRQV 7KH PD[LPXP QXPEHU RI
DOWHUQDWLYHV LV XVHUGHILQHG 7KHVH DOWHUQDWLYHV DUH WKHQ
HYDOXDWHG DJDLQVW D VHULHV RI 3HUIRUPDQFH ,QGLFDWRUV VXFK DV
&\FOH 7LPH 7RWDO ,QYHVWPHQW &RVW 5XQQLQJ &RVW HWF
'LIIHUHQWGHPDQGSURILOHV DUH WDNHQ LQWRFRQVLGHUDWLRQZKLOVW
DOVR DVVXPLQJ GLIIHUHQW VWDWLVWLFDO GLVWULEXWLRQV IRU WKH
UHSUHVHQWDWLRQRIRSHUDWLRQWLPHV







SURFHVVHV )RU HDFK DOWHUQDWLYH HYHU\ SURFHVV LV WKHQ
DVVRFLDWHGZLWK D UDQGRPO\JHQHUDWHGQXPEHUZKLFK LQ WXUQ
UHSUHVHQWV LWV SULRULW\ 7KH DOJRULWKP WDNHV LQWR DFFRXQW WKH
FRQVWUDLQWV RI OLQNHG SURFHVVHV LH SURFHVVHV WKDW VKRXOG
GHILQLWHO\EHFDUULHGRXWLQWKHVDPHZRUNFHQWUHDVZHOODVWKH





)RU HDFK DOWHUQDWLYH D VHTXHQFH RISURFHVVHV LV JHQHUDWHG
WDNLQJ LQWR DFFRXQW DOO FRQVWUDLQWV VXFK DV SUHFRQGLWLRQV
SURFHVVHVWKDWKDYHWREHFRPSOHWHGEHIRUHDSURFHVVEHJLQV
DV ZHOO DV OLQNHG DQG LQFRPSDWLEOH SURFHVVHV ,W LV DVVXPHG
WKDW WKH SURFHVVLQJ WLPH IRU HDFK SURFHVV LV NQRZQ WM DQG
WKDW HDFKSURFHVVPD\EHGLVSDWFKHGRQO\LQ RQHZRUNFHQWUH
$V GHVFULEHG LQ WKH SUHYLRXV SDUDJUDSKV WKH SURFHVVHV DUH
SDUWLDOO\ RUGHUHG E\ SUHFHGHQFH UHODWLRQV ZKLFK PD\ EH
PRGHOOHG ZLWK D SUHFHGHQFH JUDSK ZKHUH DQ HGJH L M




x ,QSXW 3URFHVVHV DV SDUW RI D SUHFHGHQFH GLDJUDP DORQJ
ZLWK SURFHVV WLPHV FRVWV DQG OLQNHG  LQFRPSDWLEOH




7KH SURFHVV VHTXHQFH JHQHUDWLRQ IROORZV DQ LWHUDWLYH
SURFHGXUH)RUHDFKDOWHUQDWLYHD IHDVLEOHSURFHVVVHTXHQFHLV
JHQHUDWHG ZKLFK LQ WKH HQG FRQWDLQVDOO 1 SURFHVVHV LQ WKH
IRUP RI D OLQNHG OLVW 7KH VHTXHQFH OLVW LV FRQVWUXFWHG
LWHUDWLYHO\ ZLWK WKH DGGLWLRQ RI RQH SURFHVV DW D WLPH 7KLV
SURFHVV LV WKH RQHKDYLQJ WKH KLJKHVW SULRULW\ IURP DOO RWKHU
SURFHVVHV WKDW FDQ EH VHOHFWHG LQ WKLV SRVLWLRQ RI WKH OLQNHG
OLVW,QSULQFLSOHDSURFHVVLFDQEHSODFHGLQSRVLWLRQNN
 1 LQ WKH OLQNHG OLVW RQO\ ZKHQ DOO SUHGHFHVVRUV RI
SURFHVV L KDYH DOUHDG\ EHHQ SODFHG LQ WKH SUHYLRXV N
SRVLWLRQV






(DFK DOWHUQDWLYH FRQWDLQV D JHQHUDWHG VHTXHQFH RI
SURFHVVHV ZKLFK ZLOO KDYH WR EH GLVWULEXWHG WR WKH ZRUN
FHQWUHV RI WKH DVVHPEO\ OLQH IROORZLQJ DQ LWHUDWLYH SURFHVV
ZKLFK LV EDVHG RQ WKH DVVLJQPHQW PHWKRG SURSRVHG LQ >@
)XUWKHUPRUHHDFKVHTXHQFH¶VPLQLPXPSRVVLEOHF\FOHWLPHLV
FDOFXODWHGWRJHWKHUZLWK WKHDVVRFLDWHGYDULDQFHVDQGVWDQGDUG
UXQQLQJ FRVWV ,Q FDVH WKH F\FOH WLPH RI WKH DVVHPEO\ OLQH LV
JLYHQWKHPDMRUREMHFWLYHRIWKHDOJRULWKPVXJJHVWVDVROXWLRQ
ZLWK DPLQLPXPQXPEHU RI ZRUN FHQWUHV:KHQ WKHQXPEHU
RI ZRUN FHQWUHV LV IL[HG RQH RI WKH PDMRU REMHFWLYHV LV WR
FRPH XS ZLWK D VROXWLRQ ZLWK D PLQLPDO F\FOLQJ WLPH 7KH
DOWHUQDWLYH WDVN VHTXHQFHV DUH FDOFXODWHG XVLQJ D 362EDVHG
DOJRULWKP 7KLV DOJRULWKP PDLQWDLQV D VHULHV RI DOWHUQDWLYH
VROXWLRQV SDUWLFOHV ZKLFK PRYH LWHUDWLYHO\ WKURXJK WKH
VHDUFK VSDFH 7KHZD\HDFK SDUWLFOHPRYHV LV LQIOXHQFHG QRW
RQO\ E\ LWV ORFDO EHVW NQRZQSRVLWLRQ EXW DOVR E\ WKH EHVW
NQRZQ SRVLWLRQV 7KHLU SRVLWLRQ LV FRQWLQXRXVO\ XSGDWHG DV
SDUWLFOHV UHDFK DW EHWWHU RQHV LQ WKH VHDUFKVSDFH 7KLV LV
H[SHFWHG WR PRYH WKH DOWHUQDWLYHV VZDUP WRZDUGV EHWWHU
VROXWLRQV
7KH QXPEHU RI DOWHUQDWLYHV SDUWLFOHV JHQHUDWHG E\ WKH







7KH IXQGDPHQWDO HOHPHQW HPSOR\HG E\ WKLV DOJRULWKP LV
WKH GHPDQG SURILOH VHW E\ WKH XVHU %DVHGRQPRVWRI WKH
UHFHQWDSSURDFKHVZHEDVHGHPDQGSURILOHVRQ WKH&RPSRXQG
3RLVVRQ 'LVWULEXWLRQ &3' > @ &3' KDV EHHQ
H[WHQVLYHO\UHVHDUFKHG DQG LV FRQVLGHUHG DV WKHPRVW UHDOLVWLF
DSSURDFK UHJDUGLQJ $VVHPEOHWR2UGHU V\VWHPV )URP D
PRGHOOLQJ SHUVSHFWLYH WKH &RPSRXQG 3RLVVRQ SURFHVV PD\
DOVRPRGHOWKHGHPDQGLQWKHFRQWH[WRIIDVWPRYLQJLWHPVE\
FRQVLGHULQJYHU\ ORZGHPDQGWLPH LQWHUYDOVRU HTXLYDOHQWO\D
KLJK3RLVVRQ UDWH $OWKRXJK QRUPDO GLVWULEXWLRQV KDYH DOVR
EHHQ HPSOR\HG LQ OLWHUDWXUH WKHUH LV QR VWRFKDVWLFLW\
LQFRUSRUDWHGD IDFW WKDWFDQ UHVXOW LQ D V\VWHP¶V OHVV UHDOLVWLF
EHKDYLRXUV (DFK GHPDQG LV WUHDWHG RQ D ILUVWFRPHILUVW
VHUYHG EDVLV )&)6 VR WKDW GHPDQG LV GLUHFWO\ DEVRUEHG E\
WKHSURGXFWLRQ V\VWHP:HDVVXPHWKDW WKHPXOWLYDULDQWOLQHV
WR EH EDODQFHG UHTXLUH QR DGGLWLRQDO VHWXS WLPH DPRQJ WKH
GLIIHUHQW YDULDQWV 7KLV LV WUXH IRU PRVW ILQDO DVVHPEO\ OLQHV
ZKHUH PDQXDO SURFHVVHV GR QRW HQWDLO DQ\ UHFRQILJXUDWLRQV
,Q DGGLWLRQ EDVHG RQ LQWHUYLHZV ZLWK D SURGXFWLRQ V\VWHP¶V
LQWHJUDWRU ZH DVVXPH WKDW WKHUH LV RQH F\FOH WLPH SHU OLQH
PHDQLQJ WKDW WKLV F\FOH WLPH VKRXOG EH FRQVLGHUHG IRU DOO




JHQHUDWHG E\ DSSO\LQJ D &3' WKURXJKRXW D ZRUNLQJ \HDU
%DVHG RQWKH FXUUHQW VWDQGDUG LQ (XURSH ZH FRQVLGHU WKDW
WKHUHDUHZRUNLQJGD\VSHU\HDU DQGHDFKGD\KDVWKUHH
K VKLIWV PLQXV  KRXUV RI EUHDNV DQG QRQSURGXFWLYH
DFWLYLWLHVSHUVKLIW7KHYDULDQWVHQWHUWKHV\VWHPUDQGRPO\
$ VHULHV RI FRVW HOHPHQWV VXFK DV VWDQGDUG FRVW SHU GD\
UHSUHVHQWLQJZRUNHU ZDJHV HQHUJ\FRVWV DQGD YDULDEOH FRVW
ZKLFKLVOLQHDUO\OLQNHGWRWKHSURFHVV WLPHVFRUUHVSRQGLQJWR
HDFK YDULDQWKDYHEHHQ FRQVLGHUHG7KH ODWWHU FRVWV UHSUHVHQW
DGGLWLRQDO HQHUJ\ FRQVXPHG E\ WKH HTXLSPHQW SHU WLPH
PDFKLQHFRQVXPDEOHVHWF)LJ






7KHSURFHVV WLPHVDQGFRVWVGHULYH IURP WKH$/%ILOHDQG
DUHDVVXPHG WR EHKDYLQJ VPDOO YDULDWLRQVSHU SURGXFHG XQLW












7KH FRQVWUDLQWV ZHUH H[WUDFWHG IURP D VLPLODU FDVH RI DQ
H[LVWLQJ PXOWLYDULDQW OLQH 7KH GDWD IRU WKH SURFHVVHV ZHUH
WDNHQ IURPDQH[LVWLQJDVVHPEO\OLQHRIHQJLQHV WRJHWKHUZLWK
WKH FRQVWUDLQWV 7KH FRVWV ZHUH HVWLPDWHG RQ WKH EDVLV RI WKH
IHHGEDFNRIHQJLQHHUVDQGWKHYDOXHVUHJDUGLQJZDJHVHWFDUH
ZLWKLQ WKH DYHUDJH RI WKH H[LVWLQJ REVHUYDWLRQV LQ (XURSH ,W
VKRXOG EH QRWHG WKDW WKH ILQDQFLDO ILJXUHV SUHVHQWHG LQ WKH
FDVH DUH LQGLFDWLYH VLQFH WKH\ ZHUH DOWHUHG LQ RUGHU IRU WKH
FRQILGHQWLDOLW\ RI FHUWDLQ QRQSXEOLF VWDNHKROGHUV WR EH
PDLQWDLQHG
7KH SURFHVVHV WKDW DUH LQFRUSRUDWHG LQFOXGH SUHFHGHQFH
UHODWLRQV VHTXHQFH GHSHQGHQW WLPH LQFUHPHQWV OLQNHG RU
LQFRPSDWLEOH SURFHVVHV DQG DOWHUQDWLYH FRQILJXUDWLRQV RI

%DVHG RQ WKH LQLWLDO FRQVWUDLQWV WKH H[SHULPHQWV ZHUH
FRQGXFWHG IRU PD[LPXP F\FOH WLPHV RI   DQG 
VHFRQGV)XUWKHUWRWKDWWKHPD[LPXPQXPEHURIVWDWLRQVZDV
LQLWLDOO\ VHW WR  DQG WKHQ WR  $OO UHVXOWV KDG GLIIHUHQW
ZRUNORDGVSHU VWDWLRQ WKLVZDVGXHWRWKHGLIIHUHQWVHTXHQFHV
RISURFHVVHV EHLQJ VHOHFWHG DV DQ RSWLPDO VROXWLRQ DQG WR WKH











%DVHG RQ WKH GHPDQG SURILOHV SUHYLRXVO\ GHVFULEHG WKH
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7KH IROORZLQJ JUDSKV VKRZ WKH GHPDQGV JHQHUDWHG ZLWK
&3' DQG VSHFLILFDOO\ WKHSHDNVRI WKH GHPDQGV IRU DZKROH
\HDU7KH&3'LVEDVHGRQ WKH\HDUO\UHTXHVWHGFDSDFLW\DQG





KLJKHU FRVWV WKDQ WKH OLPLW LQLWLDOO\ VHW *LYHQ WKH FRQVWUDLQWV
UHJDUGLQJ\HDUO\UXQQLQJFRVWV WKH FDSDFLW\RI WKH OLQHVHHPV
WR EH KLJK HQRXJK IRU &DVH  ZKLOVW &DVH   VHHPV WR
H[FHHGWKH\HDUO\UXQQLQJFRVWOLPLW+RZHYHUVLQFHIRU&DVH
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
 DOO WKH DOWHUQDWLYHV SURYLGHG DFFHSWDEOH UHVXOWV LW LV XS WR
WKH SURGXFWLRQ HQJLQHHU WR VHOHFW RQH RI WKHP GHSHQGLQJ RQ
WKH H[LVWHQFH RI IXUWKHU FRQVWUDLQWV UHJDUGLQJ WRROV VHOHFWHG
DQG RWKHU SURGXFWLRQ HQYLURQPHQW GHWDLOV VSDFH HQHUJ\
UHTXLUHPHQWV HWF )URP WKH JHQHUDWHG DOWHUQDWLYHV LW LV
HYLGHQW WKDW WKH EHVW VROXWLRQ IRU &DVH   ZRXOG  EH
$OWHUQDWLYH  )LJ  VLQFH LW UHVSHFWV DOO FRQVWUDLQWV DQG
SURYLGHV WKH ORZHVW F\FOH WLPH DOVR IRU &DVH  DQ IXUWKHU









7KLV SDSHU SUHVHQWV DQ DSSURDFK IRU WKH DVVHPEO\ OLQH
EDODQFLQJ SUREOHP XQGHU GLIIHUHQW GHPDQG SURILOHV DQG
SURGXFWLRQ FRQVWUDLQWV$KHXULVWLFPHWKRGQDPHO\ DSDUWLFOH
VZDUPRSWLPL]DWLRQ 362EDVHGDOJRULWKPKDVEHHQ DGRSWHG
LQ WKLV VWXG\ 7KH 362 DOJRULWKP SURYLGHV DQRSWLPL]DWLRQ
PHWKRG ZLWK UHODWLYHO\ ORZ FRPSOH[LW\ DQG KLJK OHYHO RI
DGDSWDELOLW\ WR YDULRXV FRQVWUDLQWV ,Q DGGLWLRQ WKLV DOJRULWKP
KDV ORZ SURFHVVLQJ UHTXLUHPHQWV WKXV HQDEOLQJ LWV XVDJH LQ
YDULRXV FRPSXWHU V\VWHPV 7KH UHTXLUHG FRPSXWLQJ WLPH IRU
DOOH[SHULPHQWVSUHVHQWHGLVOHVVWKDQDPLQXWHZKLFKHQDEOHV
HQJLQHHUVWRKDYHDIDVWIHHGEDFNDQGH[SHULPHQWZLWKZKDWLI
VFHQDULRV 0RUHRYHU VLQFH WKH 362 DOJRULWKP FRQVLGHUV
GLIIHUHQW GHPDQGSURILOHV DQGSURGXFWLRQ FRQVWUDLQWVDQGPD\
FDOFXODWH DOWHUQDWLYH VHTXHQFHV XQGHU WKRVH FRQVWUDLQWV LW LV
FDSDEOH RI SURYLGLQJ PRUH UHDOLVWLF UHVXOWV LQ UHDO WLPH
UHVSHFWLQJPRGHUQSURGXFWLRQUHTXLUHPHQWV7KHRYHUDOOVHWXS
RI WKH H[SHULPHQWV VKRZV WKH ZD\ WKDW WKH DVVHPEO\ OLQH
EDODQFLQJ SKDVH FXUUHQWO\ DGGUHVVHG DV D VWDWLF SURFHGXUH
GXULQJWKHGHVLJQRID OLQHPD\ZHOO EH WUHDWHGDVDG\QDPLF
SKDVH FRYHULQJ GLIIHUHQW SURGXFW OLIHF\FOH SKDVHV LQFOXGLQJ
WKHGHVLJQRIWKHOLQHDVZHOODVLWVGHSOR\PHQW
7KH NH\ DGYDQWDJH RI WKH SURSRVHG DSSURDFK LV WKDW WKH
SURGXFWLRQ HQJLQHHUV DUH SURYLGHG ZLWK IOH[LEOH FKRLFHV
FRQFHUQLQJ WKH DGRSWLRQ RI GLIIHUHQW ZRUN FHQWUHV¶ RSHUDWLQJ
VHTXHQFHV DQG IXOILOOLQJ GLIIHUHQW GHPDQG SURILOHV ZKLFK
UHVXOW LQ D IOH[LEOH DVVHPEO\ OLQHZLWK HIIHFWLYH SHUIRUPDQFH
,Q IXWXUH WKH XSJUDGLQJ RI WKH PDLQ DOJRULWKP IRU WKH
FRQVLGHUDWLRQ RI VXSSO\ ORJLVWLFV LQYHQWRU\ LQIRUPDWLRQ
SODQQHGPDLQWHQDQFHDQGEUHDNGRZQZLOO LPSURYH WKHRYHUDOO
FDSDELOLWLHV RI WKH SURSRVHG V\VWHP E\ DGGUHVVLQJ WKHQHHGV
RIUHDODVVHPEO\V\VWHPVLQDPRUHUHDOLVWLFPDQQHU
$V IDU DV WKH WHFKQLFDO DSSURDFK LV FRQFHUQHG D SRVVLEOH
GHSOR\PHQW RI WKHPHWKRGRORJ\ DV D FORXGEDVHG DSSOLFDWLRQ
VRIWZDUH DV D VHUYLFH ZLOO GUDPDWLFDOO\ HQKDQFH WKH
FROODERUDWLRQ RI WKH HQJLQHHUV LQYROYHG LQ SURGXFWLRQ GHVLJQ
ZKLOVW DW WKH VDPH WLPH UHGXFH WKHLU WLPH VSHQW RQ
FRPPXQLFDWLQJ WKH UHVXOWV 7KLV FRXOG LQ SULQFLSOH EH
DFFRPSOLVKHG ZLWK WKH XVH RI D FHQWUDO GDWDEDVH IRU WKH
VWRUDJH DQG PDQDJHPHQW RI LQIRUPDWLRQ UHODWHG WR
PDQXIDFWXULQJ DQG DVVHPEO\ SURFHVVHV DQG ZLOO DOORZ WKH
FRQQHFWLRQ RI DQ$/%HQJLQH WR RWKHU WRROV VXFK DVGLVFUHWH
HYHQW VLPXODWRUV ZLOO SURYLGH PRUH DFFXUDWH DQG XSWRGDWH




7KLV VWXG\ ZDV SDUWLDOO\ VXSSRUWHG E\ WKH ,3 SURMHFW
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SDUWLFOH VZDUPRSWLPL]DWLRQZLWK FKDRV VHDUFKLQJ WHFKQLTXH IRU VROYLQJ
QRQOLQHDU ELOHYHO SURJUDPPLQJ SUREOHPV 6ZDUP DQG (YROXWLRQDU\
&RPSXWDWLRQ
>@ 3DUDPHV & &KLPNODL 3 0XOWLREMHFWLYH WZRVLGHG  PL[HGPRGHO
DVVHPEO\OLQHEDODQFLQJXVLQJSDUWLFOHVZDUPRSWLPL]DWLRQZLWKQHJDWLYH
NQRZOHGJH&RPSXWHUVDQG,QGXVWULDO(QJLQHHULQJ
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>@+DPWD1*KRPL)DWHPL607-RODL)6KLUD]L$NEDUSRXU0$K\EULG
362 DOJRULWKP IRU D PXOWLREMHFWLYH DVVHPEO\ OLQH EDODQFLQJ SUREOHP
ZLWK IOH[LEOH RSHUDWLRQ WLPHV VHTXHQFHGHSHQGHQW VHWXS WLPHV DQG
OHDUQLQJ HIIHFW ,QWHUQDWLRQDO -RXUQDO RI 3URGXFWLRQ (FRQRPLFV 

>@6FKROO $%HFNHU&%R\VHQ1)OLHGQHU0'HVFULSWLRQRI WKHGDWD ILOH
IRUPDW $/% >UHWULHYHG 'HFHPEHU @ $YDLODEOH IURP
KWWSDOEPDQVFLGHILOHVXSORDGVIRUPDW$/%SGI
>@ .LP <. .LP <- .LP < *HQHWLF DOJRULWKPV IRU DVVHPEO\ OLQH
EDODQFLQJ ZLWK YDULRXV REMHFWLYHV &RPSXWHUV ,QGXVWULDO (QJLQHHULQJ

>@ =KDR< $QDO\VLV DQG HYDOXDWLRQ RIDQ$VVHPEOHWR2UGHU V\VWHPZLWK
EDWFKRUGHULQJSROLF\DQGFRPSRXQG3RLVVRQGHPDQG(XURSHDQ-RXUQDO
RI2SHUDWLRQDO5HVHDUFK
>@%DEDL0= -HPDL='DOOH\< $QDO\VLVRI RUGHUXSWROHYHO LQYHQWRU\
V\VWHPV ZLWK FRPSRXQG 3RLVVRQ GHPDQG (XURSHDQ -RXUQDO RI
2SHUDWLRQDO5HVHDUFK
